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Main interspecific competition and land productivity of fruit-crop intercropping in Loess Re-
gion of West Shanxi. YUN Lei, BI Hua-xing, TIAN Xiao-ling, CUI Zhe-wei, ZHOU Hui-zi,
GAO Lu-bo, LIU Li-xia (Ministry of Education Key Laboratory of Soil and Water Conservation &
Desertification Combating, School of Soil and Water Conservation, Beijing Forestry University,
Beijing 100083, China). -Chin. J. Appl. Ecol. ,2011,22(5) . 1225-1232.

Abstract; Taking the four typical fruit-crop intercropping models, i. e. , walnut-peanut, walnut-
soybean, apple-peanut, and apple-soybean, in the Loess Region of western Shanxi Province as the
objects, this paper analyzed the crop ( peanut and soybean ) photosynthetic active radiation
(PAR) , net photosynthetic rate (P, ), yield, and soil moisture content. Comparing with crop mon-
oculture, fruit-crop intercropping decreased the crop PAR and P,. The smaller the distance from
tree rows, the smaller the crop PAR and P,. There was a significantly positive correlation between
the P, and crop yield, suggesting that illumination was one of the key factors affecting crop yield.
From the whole trend, the 0—100 c¢m soil moisture content had no significant differences between
walnut-crop intercropping systems and corresponding monoculture cropping systems, but had signifi-
cant differences between apple-crop intercropping systems and corresponding monoculture cropping
systems, indicating that the competition for soil moisture was more intense in apple-crop intercrop-
ping systems than in walnut-crop intercropping systems. Comparing with monoculture, fruit-crop in-
tercropping increased the land use efficiency and economic benefit averagely by 70% and 14% , re-
spectively, and walnut-crop intercropping was much better than apple-crop intercropping. To in-
crease the crop yield in fruit-crop intercropping systems, the following strategies should be taken .
strengthening the management of irrigation and fertilization, increasing the distances or setting root
barriers between crop and tree rows, regularly and properly pruning, and planting shade-tolerant
crops in intercropping.

Key words: fruit-crop intercropping; photosynthetic active radiation; net photosynthetic rate; soil

moisture content; productivity.
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IIRITFERIAAARIE AR 2ot 1A ™ , 1 40 ™ 1
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— M AR X AR R Ge L BRI Xt
W4T RE R RG A M EEIE RN R 7EIR
A 1 DI B R b DX, 3 #8840 X K 43 7 5
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T ] O AR B -t A 7 g g SR AR ] AR X A ke
Z —E ISR s b s A A AOR T £
M AR g A 7 g AR R A R 28 B A8 A R AR AR
S5 ARG I HFEE K R B T EAT S R AR SC LA P
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1 HARMXREHARTE

1.1 W5 XA

W pE 4 3 B (35°53'—36°21" N, 110°27'—
111°7" E) J& WAL BT+ FRIF I AR X i AR R K
571 mm, BRSNS, 4—10 H Bk &
(521. 4 mm) g AEREKE Y 90. 5% ,6—9 H [EK
It R AEREK Y T0% 24T, 422 (12 H B 2
H) K (16.7 mm) 5 EFEREKER 3% . 11K
BT, HEWIR, L EIA 7R A [FTR B o
A B RUR A R AL B A 22 4. 5 B N AR
PR, W W ARAKY) 194 Fh S8 T 49
Bl FEAM Y 180 F, K8 T 44 R CORNEIERAE
W) . 3B AR ORI AA ( Platycladus orientalis ) |
JI#E ( Robinia pseudoscacia) SEH: (Malus pumila ) F
itk (Juglans regia) 5.
1.2 WH5EUrik
1.2.1 B EHRMMERE AR 4 7R TA AR X R A
A AERN B5 A R AT SERR ARG O, 7E 1L 7Y
B BRI S 5 SR s 1 ST DA BE SRR &
(3R A ] AR A58 =3k 30 R 31X, 3 O Bk x fE 2
BMbx KT SR AR SRR R T 4 Ffr R[] VR A
. BRI 3 MR/, Bk RE R AR B /N X
TR R 400 m? 32 2 (] 1 B AR /N X AR R
300 m’. BBk SERRE X S TS 5 R 6300 m® Al

4500 m’. FE7R I DX 8 B LA T T A A% Bk (B) A 3P 2R ]
VEBLCHRFFERT G2, A7 P RIEARAE Y, - B A
FEARNSE S S % B A Bk R S SR 35 1R AR A T 2000
A BT I S VR AT 1) AH ], JEAS S 2R P 5 1, 3
FFIAZAR A BL AR W26 1. AERE R Th B4 KT
FIRRATEEY 0. 45 mx0. 50 m, BRATHE 95 B A 33
Jr 5 Y AR e A R TR A O K
SERSEYZ MR8 1T m f2 m.

L2. 2 65 EHBME 2009 4F 8 H , fEAEE455%
WA R S 45, R W = 8RR, A
Li-6400 14 3% A I 5 R Ge @ &9 s A
AR (P, pmol + m™ - 7)) SEEA BRI (PAR,
pmol + m™ &™) LK AH SC BB IR . I B[] R
8:00—18:00,4F 2 h M%E 1 K. 763 B T A1T
DT AR PE I 1.5 2.5 A1 3.5 m &b (BEAZBEAR
T MGTE AR 2 4T BR 4 ATRIES 6 47 ) AR BTSSR
T ZR P 2. 0 m Ak, e HUEA R F 178
A R R kR E R B A R T4 18 K, S
JREBEBAEAE K F4% 6 Bk, BRIk UK 32T
Feorfi e o E i 3 5, R bR E A
FE 3 BIKACSE 3 AN BOFAME. SAEARE K
(B N AR 667 m®) Fie R« S” R4k
HUS B, BEHUbR oA R 7 =5 TRE — 2L

1.2.3 HHOK e Ak A AVEY IE £ 18K
Gy BURE AT CR AR R 30, DI f Sy g s
(5 MR T MIEARAE 0 m) , BA/NX R 1 4%
e E P YR I RE LR FERE LR L AERR 0.5 m BREHURE
SRR 3 15 AN EURE A, B R AR IR AR
45 DHURE S (B 1) . SER xR AR 181/ BURE 5 A6 Bt
SRFIRRZRE B/ NX I 11 AR s, RS R R

B 5 AR A HCERE B A 3 IREA
2009 478 H AL BRI 0 ~ 100 em,
20 em )2, HMETE MR E IS K.

F1 R RAZMRFIE R EARRFE
Table 1 Characteristics of walnut trees and apple trees in
test area

Fh HRATHE R B Mg SRR

Species  Planting Density Tree Diameter at ~ Radius
space (ind - height  breast height of crown
(m) hm™2) (m) (em) (m)

Bbk  6.5x6.5 236 4.2 11.23 2.1

Walnut

SR 3.0x4.0 750 4.0 11. 66 2.1

Apple
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Fig.1 Sampling sites for soil moisture monitoring of walnut-crop intercropping.
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AL FERZBERAT 2 053 590 42 HE B AR A4 3 Koz Ty
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max { aM, ,bM, |
K e ER LB AL IS 0 I ARAIED By R
DLYHE.
LER 1 IER MG FHEII R 1.0, 4K T 1.0, Ut
W EIVEA A, 25/ N T 1.0, FBH BAVER A
1.3 Hdmaba
K H Excel 2003 X &l 114031, H SPSS 15. 0
BAEHEATJ7 229307 ( Turkey HSD) FIFH 5 43#r.
2 BERE5H5
2.1 AFEEVEB ARV A ARSI H AR L
AFEEWER S 2 3 e MR GG
SR ST B —E AR BE AR 2.5 m 3.5 m
FFESEIRM 2.0 m B AEAE K EOGE A RGRS M H

FELZE Line transect.
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Fig.2 Diurnal changes of PAR of peanut (a) and soybean
(b) under different intercropping patterns.

M ; 51/ Monoculture; W, 5 :Hi#Z%#k 1.5 m 1. 5 m from walnut; W, 5.5
Btk 2.5 m 2.5 m from walnut; Wy 5. FEAZHE 3.5 m 3.5 m from wal-
nut; A, o :BE¥ER 2.0 m 2.0 m from apple. T [A] The same below.
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HOlt G B f /N O FRAE DL BEAZBER 1.5 m
2.5 m 3.5 m bR HEIEAHAR R 6.43 5. 10,
5.50 F116.39 pmol + m™ - s HSERM 2.0 m AL,
KGHCA A H AR (b5 e Rl i 2, e fi s 81
£ 12.00,°4 13. 14 pmol + m™ - 7' (& 3). A [A][E]/E
R, REEOEA BRI H SRR HAE (9. 73
pmol + m™ + s7) SHER A H3.5 m (8.98 pmol -

wmol - m~

m” s ) SHEREBER2. Sm(7.99 pmol - m™ - s7")
200, -
—— Wl.s
=

o= Ay,

P, (pmol + m™ « &)
-2

008:00 10:00 12.:00 14:00 16:00 18:00
B [A] Time

B3 REMER A (a) HIRE (b) Bt A% (P,)

i H 224k

Fig.3 Diurnal changes of P, of peanut (a) and soybean (b)

under different intercropping patterns.

SEEERAR 2.0 m(7. 60 wmol - m™
1.5 m(6.93 pmol + m™ - s™").

I 2 183w LI SRR ORI AR o ] A A
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FBEESEIN T m HOK 0,1 m) 98 [ SCRAMAFIX

BERAkIBERS Distance from walnut tree row (cm)
0 50 100 150 200 250 300 350

- 57 SFERZBAR

2B Soil depth (cm)

B4 Bk-AEAE (o) FIHE-K G (b) HIAE L0k 73 & &
(% ) 1 — 4L
Fig.4 Two-dimensional isogram of soil moisture content (% )

under walnut-peanut (a) and walnut-soybean (b) intercrop-

pings.



5 =

TSR WP X EREERFP A R B R L A= 1229

[1m,3.5 m]JEEAL 1 IX. BBk <AL A FIA Bk x
RGBT By X VR X - 58K 7343 31 R
11.6% 13.4% K1 11.4% 12. 6% . PhaF X K 53 %
%, S H TR AR 22 4R rh B S, i it o 5 BE 3 n +-
By ki TR, RIRETHE SR T
BRI, bk 4% AR R A s s BR T
AR R B4 A, 38K o 1 A8 ik S5 1EY) 35
JE GRS A L.

XIAZMEx AL A FNAZ Bk x K S VR X 43 3 i A 7
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Mgy =—4.5x107°2* +0.0012* =2.2 x 107°D’
+0.016D +9.676,r' =0.902 (P < 0.01) (3)

Mg =-1.3x1072" +0.0022> -2.6 x 107°D’
+0.015D +8.586,r' =0.900 (P < 0.01) (4)
FH Mg, B M G A% A A A < K W2 TR VRS 2
BT KE (%) ;D NIEMIRIEES (em) 3 Z
N EJZREE (em) 5r' A AHIC AL
2. 3. 2 ARl EVER A AAEY) 4K 50 5 5 10 LA
MR 2 ATLLAEN, AFEEAER T LED O ~
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®2 AREMEEXTREMLEKSEE

Gy 5 AR AR A X A B B 25 5 TSR xR 1
PrlaIVE R 498K 43 55 AH N BAVE R 20 25 S 0 2 bk
XAAEPNEAVERL S | AL FPAE AR A T RE K,
SR PR ARG MR 32 SR BEAR 2 52 e i 5 30+
HoK BN CE 4) 8RR 5K 5 e 22
SN SRR A R ERTC ) B S S
M FERER, FECRAEY) 1K 732 52 AR R 5
LN

2.4 OR[EIEWERL A SR | 4 Hb A RN A2
e En

[ RS Bl FE R TR B3 3 VR
A PRGN, S R R i e (R 3). A
T b k< A8 AR TR R S AR A TR 1) A6 2R 7 1
LU BANE AR 2B 43 B A 18. 3% Fl1 41. 9% ; # Mk x K
R R NIE 7SS NLSA 51K (N P NES N e 2 NV R X (565 7
RA#AK 23. 3% F138. 6% (% 4).

5 AERICAR L, 25 I VERC Y 1 R 2k
(R4)MATR AR (R S) WAARFENES; 5
A TRIVE 9 25 B 11 A i R FH A5 2 i 5 S S ]
YERIARTRIAR . Bk x A6 AR (R (1) 1 b A1 FH 2R K
TR x KGRI 5 3950 x R TR A - i) 2l
KFERXAEAE RIE. 76 BT A T VR + b R
ORI B < AE A T (1. 78 ) > Bk x K & e 1
(1.71) >3 S RS EAE (1. 69) >3 5 x 46 4 ] /E
(1.63), 5 HVERE M L, k4 F (B /R A5 X A + b

Table 2  Soil moisture content of crop in different intercropping patterns ( % )

£ ) VEARE = F IR Soil depth (cm)

Crop Intercropping patiern 0 ~20 20 ~40 40 ~ 60 60 ~ 80 80 ~ 100

ian HitkxAE4: Walnut-peanut 12. 1a 12. 6a 13.5a 14.3a 14.7a

Peanut SER A Apple-peanut 8.7b 9.9h 11.5b 10. 6b 9.8h
64 BAAE Peanut monoculture 11.7a 12. 5a 13. 0ab 13.3a 13. 8a

K Bitkx K= Walnut-soybean 10. 6a 11.4b 12.9a 13.9a 14. 1a

Soybean XK Apple-soybean 9.8a 10. 2¢ 10. 7b 10. 4b 9.7b
K BAAE Soybean monoculture 10. 2a 12. 8a 14. 0a 14. 6a 14. 0a

A 7R FR M E + )2 A ) Ve ) 25 57 8 3% (P<0. 05) Different letters indicated significant difference among different intercropping patterns in

the same soil layer at 0. 05 level.

x3 BEZMHAREBENENTE
Table 3 Yield of crops in different distances to walnut tree
(kg - hm™)

e HE ARk HE
Pattern Distance to walnut tree

Dl DZ D3
HBbx A4 1220.05  1536.92  1753.21
Walnut-peanut
Bkx K E 1160.50  1459.99  1684. 60

Walnut-soybean
D, ~ D, FRERARYIE RS f1 3t X D, -D; indicated the distance to

walnut tree from near to far.

FIFRCR T 5 70% . AT [ VR 2 R i 26 24 B
e MR IMR U xR BIVE (1. 20) A=Ak
ATIE (1. 13) SERXKEMAE(L 12) FSER A
R (L. 10) , 258008 P-4 R 14% .

XoF P b 5 R X i ) 3 P X AU
BT = A 1 A A R 28O0 ToSe B B RIS
SCOETGE XAk A8 kxR G SR xR
3 K T RER 2 R 28 B R 25 R W, X LA [A]
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Table 4 Yield effects and land use effects in different intercropping patterns

(2 [B]YEAEZ Intercropping pattern PAAERES Monoculture pattern F M
Pattern R ft 708 R ft it it LER
Yield of fruit Yield of crop Yield of fruit Yield of crop
(kg + hm™) (kg - hm™) (kg - hm™) (kg - hm™)
Bibkx#E4: Walnut-peanut 410. 64 1507. 92 424. 80 1845. 48 1.78
Hitfkx K E Walnut-soybean 401. 20 1439. 80 424. 80 1871.78 1.71
R xAEA: Apple-peanut 34766. 33 1072.53 33284.85 1845. 48 1.63
IR XKE Apple-soybean 35954. 01 1150. 24 33284. 85 1871.78 1. 69
x5 AREMEEXNEFUH
Table 5 Economic benefits in different intercropping patterns
[N [AIEAR S Intercropping pattern FAAEREEC Monoculture pattern st M L
Pattern RRIA LRILION A YEHIA IER
Income of fruit Income of crop Income of fruit Income of crop
(yuan + hm™) (yuan + hm™?) (yuan + hm™) (yuan + hm™)
Btk x4£E Walnut-peanut 4106. 40 10555. 44 4248. 00 12918. 36 1.13
BiBkx K 5 Walnut-soybean 4012. 00 7198. 99 4248. 00 9358. 89 1.20
SESxAEAE Apple-peanut 139065. 30 7507. 74 133139. 40 12918. 36 1. 10
I H KT Apple-soybean 143744. 31 5751.21 133139. 40 9358. 89 112

Z R 35 R 2 b 22 AT T 10 Economic benefits were calculated with local economic standard!'®. K AEE SER IR 4 R
FT5.7 .4 #1110 JC Price of soybean, peanut, apple and walnut were 5, 7, 4 and 10 yuan - kg™' | respectively.

YRR AT LA A2 DX 0 2R AR AR ARE 2, mT L)
RTS8, Ferh Bk AL T R A
.

3 8

I\ b FHRCR F 28 55 325 K R, AR SCH X L
FofrPE VR AR A 1 B 12 3 DX ) A 7= S e L T A A X
X ARAE VR T i S 114) B70 T 5 ) A 2 220

TR RRATIE | e 55 2 A e IR
SRR AR S PR S o PR VR AR 2RO [ A
I AR LA RIS R AR AE =
SRR T BRI S el gE LT
Gl ] B A TR R N BT & A A G
LR HRTULE A —. B — 2 R E ERE
AR BLGE R B, R R P B e A R, A

S A A FY ) B ARG A5 LR | bl
L5 BRI B 3, VR A AR RN Ak
BHBEWIE . AEAE (R=0.919,P<0.01) KT /75
(R=0.904,P<0.01) ¥ 5505 HUR 2 1E A
5K, VLMD R E D™ 1 R B R R 2 —. F £
RME G RGEH, KA YA 2 1 642 8 A H 2
T NSRRI AR AR 06 G A RS, A
S ECR A P R I HREE R 5K
A YIFE B I HE I, S AR RN AR 7 b
I AL TR T O B e

W AKTE , R R AVEYAIE 0 ~ 100 cm

)21 LK o3 55 AR R AR R ] A B 2 S
(DR (= 7/ IR LT N R DIV K (Y o5 v
MR T VR 32 BB AR R 52 ), 38K )
BUNCE4) ABXTI SR RIEY RAE R 2
SR A Y 52 e B, BE 4 S AL 5K S R
SPU 3 A S /N TR A A 9 R B, S AR
REFIHAER L8R 5 2 /0 50% UL Lk AHAEYIIX,
Wi 3K o3t R S AR 7 ) SR R 2 —
TENUR M AR W RER T & FhsE FOCR Y
22N o (I CINEE e R o S DS &3 ) | IR S D 2
[l 5 I8 7 o) R, AT 8 e 8 55 7 i PN 25 42 Y
Mg ROCTE Y In) . FEAR MR & R 1 &R 53, /]
DATE o 0 A T B B8 1 s A 0l 14 Ay ) R 55
— RV BRI AR & R G I XL RER) 38
G R EAEY B AR B SIS, &5 (Mani-
hot esculenta) F1HL 5. ( Cajanus cajan ) 7= 7] #5 K 1
FERL 12 AR A X R R R AR AR G A T
SRS AR B E A RBOR S A e A T . A
i A1 45 2 ST 2 AR A S 208 B R s
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